The Nickel-Cadmium VOS cell designed in 1970 was extensively tested in geosynchronous and low earth orbit conditions. The main results demonstrate that this cell could be operated at high depth of discharge, 80% in geosynchronous and 40% in low earth orbit. In flight data of satellites operating at DO0 higher than 50% for 5 to 10 years are presented. A cell failure rate is determined and life expectancy curves are proposed.
Introduction

Nickel-Cadmium batteries of VOS prismatic cells have been providing energy storage capability
TABLE I t h e o r e t i c a l )
. . I 3. C y c l i n g i n geosynchronous o r b i t c o n d i t i o n s 3.1. Ground t e s t r e s u l t s
Since t h e development o f t h e VOS c e l l series, e v a l u a t i o n t e s t s were performed i n various c o n d i t i o n s some are discontinued and others s t i l l i n progress. Among t h e discontinued t e s t s t h e most s i g n i f i c a n t are : Temperature 25°C. (6 hours c y c l e ) . 1983 c y c l e s followed by 570 cycles a t DOD 55%.
DOD
I n t h e frame o f t h e european s a t e l l i t e programs b a t t e r i e s are ground t e s t e d i n p a r a l l e l w i t h t h e f l i g h t b a t t e r i e s , e i t h e r i n s i m i l a r c o n d i t i o n s o r a t higher depth o f discharge. Among t h e t e s t s s t i l l i n progress t h e most s i g n i f i c a n t are :
Test nb 41
28 c e l l s b a t t e r y . VOS 18A -18Ah -Lab. ESA-BTC. Simulation o f OTS 2 spacecraft. Temperature 5 t o 15°C. DOD 61% maximum 22 seasons -EOD voltage 1.168V. Recharge r a t i o 1.02 t o 1.03. The b a t t e r y i s reconditioned p r i o r t o every e c l ipse season by deep discharge a t C/100 r a t e . The capacity measured a t season 4 was 26.4Ah, i t increases t o 31Ah a t season 22.
Tests nb 43 t o 45
3 b a t t e r i e s -28 c e l l s -VOS 18A -18Ah
Lab. ESA-BTC ( r e f . 2). Variable
DOD. E c l i p s e periods w i t h s o l s t i c e shorten t o 21 days w i t h t r i c k l e charge.
Temperature 1O'C. Maximum DOD i s :
70% ( t e s t nb 43) 90% ( t e s t nb 44) 100% ( t e s t nb 45)
This t e s t demonstrates t h e c a p a b i l i t y o f Ni-Cd c e l l s t o be operated i n geosynchrnous o r b i t a t high depth o f discharge, up t o 90% o f name p l a t e capacity which corresponds t o 75% o f t h e actual capacity.
F l i g h t experience
Since 1977 17 s a t e l l i t e s have been operating i n geosynchronous o r b i t w i t h on board SAFT b a t t e r i e s . Considering o n l y t h e s a t e l l i t e s today operating f o r more than 5 years a t depth o f discharge higher than 50% o f t h e r a t e d capacity t h e status o f t h e b a t t e r i e s i s as f o l l o w s : Reconditioning consists in discharging the battery at current step 1 down to 1 volt first cell, the voltage saving effect of reconditioning after 3 years appears on figure 2 for two batteries discharged 20% at 17"C, the capacity measured at these 6 reconditioning cycles is constant 272 0.5Ah. Step 1-(2$ k i n )
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